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Abstract
This inevitable swing-like straight movement of a two-wheel bicycle may lead to insufficient lateral distances when motorists 
pass bicyclists, increasing the risk of a collision. More information on bicycle movements is needed to facilitate road sharing. 
The purpose of the present study was to explore bicyclist steering patterns and factors that characterise the likelihoods of 
individual steering patterns when bicyclists respond to being passed by motorists. Data collected by an instrumented bicycle 
cruising in real traffic were used. Logit regression was used to investigate the likelihoods of six steering patterns, defined by the 
changes in the bicycle wheel angles, as a function of the influencing factors. The results revealed that although the steering
stability of a bicyclist can affect steering decisions in response to being passed by motorists, the durations and spatial 
characteristics of these passing events also play important roles in these decisions. 
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1. Introduction
The straight movement of a two-wheel bicycle is not the same as that of a four-wheel motor vehicle. A bicyclist 
has to maintain his or her balance, while a four-wheel motor vehicle is stable on its own. Thus, the straight, forward 
movement of a bicycle involves an inevitable swing-like movement. In a society without a large bicyclist 
population, such movement is not the intuitive expectation of motorists, who are used to interacting with motor 
vehicle traffic. This swing-like movement may lead to insufficient lateral distances when motorists pass bicyclists, 
increasing the risk of a collision. A bicycle can hold somewhat stable when moving at speeds greater than 10 km/hr 
[1], but not all bicyclists ride at such high speeds. For example, a naturalistic riding study conducted in Taiwan 
showed that the average riding speed was less than 10 km/hr [2], which indicates that a substantial percentage of 
bicyclists ride at speeds that do not support stable forward motion. Investigating how bicyclists steer in real traffic 
and what factors influence steering can provide more information that is useful to bicyclists and motorists alike and 
may ameliorate the risk to bicyclist when motorists do not intuitively take the nature of bicyclist behaviours into 
account. This information could facilitate the safe sharing of roads for both user groups. 
Recently, several previous studies [3-5] have shown that rich information can be obtained using instrumented 
bicycles. For example, it has been reported that motorists pass female bicyclists with larger lateral distances. It has 
also been shown that the type of motor vehicle being driven does affect both lateral passing distances and variation 
in the wheel angle of bicycles. Although motorists have been found to leave smaller lateral passing distances relative 
to bicyclists in the presence of a bike lane, lane markings that separate motor vehicles from bicycles may encourage 
greater passing distances in some societies, in addition to allowing bicyclists to ride more stably. However, few of 
these studies investigated how individual factors influenced the likelihoods of observing certain measurements. 
The present study aimed to explore the characteristics of bicyclist swing-like movements while riding in real 
traffic by investigating steering patterns. Because swing-like movements are more risky when bicyclists are passed 
by motorists than when they are riding alone, passing situations were investigated in this study. Three research 
questions included: How does a bicyclist’s steering before a motorist passes influence the bicyclist’s steering 
decisions while the motorist passes? How does the duration of the motorist’s passing time influence the bicyclist’s 
steering decisions? How does the lateral distance between the passing motorist and the bicyclist influence the 
bicyclist’s steering decisions?
2. Methods
2.1. Materials
The data used in the present study was collected from a 30-minute experimental riding route near a university 
campus, where the participants were recruited. The planned route was located in an urban area (road speed limit of 
50 km/h) belonging to New Taipei City and Taoyuan County in Taiwan. For the sixteen male participants (aged 
23.56±2.80 years old), the mean riding experience was 173 minutes per week (standard deviation = 273 minutes per 
week), and five of them rode a bicycle at least 60 min daily. For the eighteen female participants (aged 22.39±3.11 
years old), the mean riding experience was 26 minutes per week (standard deviation = 52 minutes per week). The 
participants were required to ride in their natural way for one loop through the route during the non-peak traffic 
period at daytime. 
In the present study, seventeen hours of riding data were collected from 34 participants using an instrumented 
urban-style bicycle, which is a common type in Taiwan. The instrumented bicycle (Fig. 1) was fitted with a global 
positioning system, one multi-function logger (including a 3-axis accelerometer, a gyroscope, and a compass), two 
ultrasonic distance sensors, eight proximity switches (mounted on the rear wheel to measure speed), one variable 
resistor (mounted on the stem to measure wheel angle), and six car camera DVR black boxes. The measurements 
from the two ultrasonic distance sensors, the proximity switches, the accelerometer of the multi-function logger, and 
the variable resistor were analysed. At the end of the trial, the participants were asked to write down information 
about their backgrounds and to report their feelings about the traffic pressure on each section of the route. 
Additional details of data processing have been described previously [3].
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Fig. 1. Instrumented bicycle.
2.2. Statistical analysis
The present study investigated the events of only one motorist passing the left of bicyclists. For each passing, two 
passing stages were defined: before the passing event (0.5 s before the passing) and during the passing event (the 
period in which the lateral distance between motorist and bicycle, that was obtained from the left-side ultrasonic 
distance sensor, decreased). A passing event is defined as a passing time of at least 0.2 s. The data resolution in the 
present study was 0.1 s of a data record. At least three data records are needed to observe a steering pattern. 
Therefore, the period of three data records was 0.2 s. As a result, there were 922 passing events.
In the present study, a forward-oriented wheel angle was recorded as 90°, an angle deflected to the left was 
recorded as greater than 90°, and an angle deflected to the right was recorded as less than 90°. The six bicyclist 
steering patterns were defined based on the changes in the bicycle wheel angles (Fig. 2). When the wheel angle 
increased or decreased by at least 1° within 0.1 second (wheel-DQJOH FKDQJH UDWH Ȧ t 10 °/sec), a change was 
identified. The direction of the change was also used to define the steering patterns. First, the six steering patterns 
were analysed by Multivariate ANOVA (for continuous variables), with bicyclist, bicycle, motor vehicle, and road 
IDFWRUVLQFOXGHGLQWKHDQDO\VLVDQGXVLQJȤ2 WHVWVIRUFDWHJRU\YDULDEOHVȘ2 was applied to measure the effect size 
of the ANOVA. A p-value of 0.05 was considered statistically significant. Bonferroni adjustments were used for 
SRVWKRFSDLUZLVHFRPSDULVRQVRIWKHHVWLPDWHGPDUJLQDOPHDQVDQGZHUHFDOFXODWHGDVĮ WKHWRWDOQXPEHU
of pairs).
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(a) (b) (c)
(d) (e) (f)
Fig. 2. Typical examples of steering patterns in the collected data. (a) Straight; (b) Right-forward; (c) Left-forward; (d) Left-turn; (e) Right-turn; 
(f) Fluctuation.
Then, a multicategory logit regression model was built to analyse bicyclist steering patterns, with the response 
categories of Straight, Right-forward, Left-forward, Left-turn, Right-turn, and Fluctuation. This regression model 
was used to identify how factors influenced the likelihood of each steering pattern. The Straight pattern was the 
baseline category. Odds ratios (ORs) with 95 percent confidence intervals are provided for the final models. The 
OLNHOLKRRG UDWLR WHVW LH PRGHO Ȥ2 test, was performed for the overall model to determine which factors were 
statistically significant. A p-value of 0.05 was considered statistically significant. All statistical analyses were 
performed using the Statistical Package for the Social Sciences (SPSS) version 21.
3. Results
The likelihood ratio test showed the factors (p < 0.05) that significantly influenced the odds of observing 
different steering patterns were the following: a) the variance of the bicycle wheel angle before a vehicle passed, and 
b) the variance of the bicycle acceleration, the mean passing time, and the minimum value of the left lateral distance 
from passing motorists. No bicyclist or road factors were found to be significant. However, in each sub-model, the 
variance of the bicycle acceleration while being passed did not reach statistical significance. The ORs with 95 
percent confidence intervals are shown in Fig. 3. The ORs indicated the likelihood of the Right-forward, Left-
forward, Left-turn, Right-turn, and Fluctuation steering patterns over the Straight steering pattern at the explained 
factor, when all other factors were held constant.
As shown in Fig. 3, the OR for the Right-forward pattern increased by a factor of 1.092 with the variance of the 
bicycle wheel angle before being passed when all other factors were held constant. This result indicates that when 
the variance of the bicycle wheel angle before being passed increased by 1%, the likelihood of observing the Right-
forward pattern rather than the Straight pattern increased by 9.2%. The likelihood of observing the Left-forward (OR 
= 1.131), Left-turn (OR = 1.111), Right-turn (OR = 1.132), and Fluctuation (OR = 1.142) patterns rather than the 
Straight pattern increased 13.1%, 11.1%, 13.2%, and 14.2% (p < 0.05), respectively, when the variance of the 
bicycle wheel angle before being passed increased by 1%. In general, the likelihood of observing bicyclists steering 
away (Right-forward and Left-turn) from motorists as they began to pass was lower than that of observing their 
steering toward motorists (Left-forward and Right-turn) or exhibiting fluctuations in their steering. However, these 
likelihoods differed by less than 5%. 
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Fig. 3. Odds ratios (ORs) for the factors found to be significant in the multicategory logit regression. (*p < 0.05.)
As the mean passing time increased by 1%, the likelihood of observing the Right-forward (OR = 1.183), Left-
turn (OR = 1.527), Right-turn (OR = 1.424), and Fluctuation (OR = 1.955) patterns rather than the Straight pattern 
increased by 18.3%, 52.7%, 42.4%, and 95.5%, respectively, when other factors were held constant (p < 0.05). The 
likelihood of observing the Left-forward pattern rather than the Straight pattern did not change significantly. A 
prolonged motorist passing time resulted in the following. (1) The likelihood of observing the pattern with repeated 
inertia-reversing effects increased compared with the pattern with minimal wheel-angle changes. (2) The likelihood 
of observing patterns with inertia-reversing effects (Left-turn and Right-turn) was higher than that of observing a 
pattern without such effects (Right-forward). (3) Finally, the likelihood of observing a pattern of steering away from 
motorists when they began to pass (Left-turn) was higher than that of observing a pattern of steering toward 
motorists when they began to pass (Right-turn). 
Additionally, as the minimum left lateral distances from motorists decreased by 1%, the likelihoods of observing 
the Right-forward (OR = 0.923) and Left-turn (OR = 0.944) patterns rather than the Straight pattern increased by 
8.3% (OR = 1 / 0.923 = 1.083) and 5.9% (OR = 1 / 0.944 = 1.059), respectively, when other factors were held 
constant (p < 0.05). The likelihoods of observing other steering patterns, compared to the Straight pattern, did not 
significantly change. As the motorists’ lateral passing distances decreased, the likelihood of patterns of steering 
away from motorists increased compared with the pattern with minimal wheel-angle changes. In addition, the 
likelihood of continuously steering away from motorists as the motorists pass was higher than the likelihood of 
steering away from motorists as the motorists began to pass.
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4. Discussion
The results revealed clear answers to the three research questions. First, an increase in the bicycle wheel angle 
variance before a motorist passed increased the likelihood that bicyclists would adjust the wheel angle towards the 
passing motorist. Second, the probability of cycling towards a motorist continuously was not increased by a motorist 
taking a longer time to pass. Third, the likelihood of cycling away from the passing motorist at the outset of the 
passing event increased when the minimum lateral passing distance decreased. Therefore, although the steering 
stability of a bicyclist can affect steering decisions in response to being passed by motorists, the durations and 
spatial characteristics of these passing events also play important roles in these decisions.
Although the present samples are sufficient for naturalistic bicyclist data, a larger number of participants and 
riding routes would cover more populations, roads, and traffic environments. Moreover, further comparing the 
results of different data analysis methods would provide richer information. For example, the data processing 
methods of chunking and filtering, a case-control experimental design, and steering behaviours by matched motorist 
and bicyclist speed pairs could be examined. 
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